Abstract Although it is well established that HIV-related stigma, depression, and lack of social support are negatively associated with health-related quality of life (HRQoL) among people living with HIV (PLH), no studies to date have examined how these psychosocial factors interact with each other and affect HRQoL among incarcerated PLH. We, therefore, incorporated a moderated The results suggest that social support can buffer the negative impact of depression on HRQoL and highlights the need for future interventions to target these psychosocial factors in order to improve HRQoL among incarcerated PLH.
The results suggest that social support can buffer the negative impact of depression on HRQoL and highlights the need for future interventions to target these psychosocial factors in order to improve HRQoL among incarcerated PLH.
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Background
HIV continues to be a major global public health issue, with more than 36 million people living with HIV (PLH) at the end of 2015 [1] . The HIV epidemic in Malaysia remains volatile and one of only a few countries in the world where mortality continues to increase [2] , primarily related to inadequate access to harm reduction services and antiretroviral therapy (ART). With over 100,000 cumulative HIV cases [3] , Malaysia's rapidly expanding HIV epidemic is the fifth largest in the Asia-Pacific region and concentrated within the most-at-risk populations, especially among people who inject drugs (PWID). The epidemics of HIV and injection drug use are intertwined in Malaysia [4, 5] , with an estimated HIV prevalence of 12.5-19.2% among PWID [6, 7] , who are disproportionally concentrated within the criminal justice system (CJS) due to harsh criminalization for drug use. Results from mandatory HIV testing of the approximately 40,000 prisoners in Malaysia documents HIV prevalence to be 10-15 times greater (4.6 vs. 0.40%) than in the general population [8, 9] . Alongside challenges in medically managing their disease, PLH face other issues, such as HIV-related stigma, depression, and lack of social support. In Malaysia, as in many countries, HIV-related stigma is both a cause and consequence of limited access to HIV prevention and treatment [10] . Incarcerated PLH, the majority of whom are PWID [11] , may face stigma and discrimination due to the 'triple burden' of HIV-infection, drug use, and incarceration [12] . Moreover, Malaysian physicians are unlikely to prescribe ART to several key populations, including PWID and recently released prisoners [13] , which undermines HIV treatment as prevention strategies. Although attitudes toward PLH have improved in recent years [14] , the insidious effects of stigma are still prevalent in Malaysia, and in most of the world [8, 15] .
Prior research has shown that HIV-related stigma can severely compromise the health-related quality of life (HRQoL) of PLH, particularly among incarcerated individuals, by reducing access to quality care [16] [17] [18] [19] . Furthermore, HIV-related stigma has been associated with poor medication adherence, contributing to high morbidity and high mortality [18, 19] . It is possible that HIV stigma isolates PLH from family and community support, and creates cultural barriers that inhibit integration into social networks [20] . As a result, PLH are more likely to be depressed and anxious, and report feelings of loss of interest, feelings of worthlessness and hopelessness, and recurrent suicidal ideation [14, 21] . In addition, depression is common among PLH, with the global prevalence ranging from 30 to 79% [22] [23] [24] [25] . In Malaysia, notably high rates of depressive symptoms were observed among HIV-seropositive male prisoners [26] . Thus, the cumulative impact of depressive symptoms may disrupt the daily life and selfmanagement activities of PLH, particularly among prisoners, significantly affecting their HRQoL [16, 18, 19, [26] [27] [28] [29] .
For many PLH, coping with HIV may be facilitated by their social support networks [30] . Previous studies on the impact of social support among PLH, mostly incarcerated individuals, suggest that it is an important resource that buffers and allows people to manage stress-related crises, such as depression, and thus, potentially improves HRQoL [17, [31] [32] [33] [34] [35] [36] . Research has established that better social support from family members, friends, and healthcare providers predicts higher HRQoL [37, 38] . In addition, prior studies have shown that perceived social support is inversely associated with levels of perceived stigma [39] [40] [41] . Taken together, the social support of PLH has critical public health implications because it has a significant impact on health outcomes, including reducing depression, improving coping with their disease, increasing positive health behaviors, and slowing disease progression [30, 42] . It is, however, important to note that changes in social network during incarceration may reflect upon individuals' strength of support, network characteristics, and the types of support offered or gained [35] . These factors may play different roles in an incarcerated PLH's depression course, substance use recovery, overall treatment outcomes, and re-entry efforts [35, 36, [43] [44] [45] .
Though we recognize that HIV-related stigma, depression, and social support are significantly associated with HRQoL among PLH, little is known regarding the extent to which these psychosocial factors play a role among incarcerated PLH in Malaysia. Furthermore, no studies have explored precisely how these psychosocial factors interact with HRQoL when considered together among incarcerated PLH. A better understanding of the possible mechanism of how these factors function is critical to develop future programs designed to improve HRQoL of incarcerated PLH. In the present study, we therefore sought to explore whether depression mediates the effect of HIVrelated stigma on HRQoL as a function of the underlying level of social support among incarcerated HIV-positive men transitioning to the community (see Fig. 1 ). The hypotheses tested in the study include: (1) HIV-related stigma will be inversely associated with HRQoL; (2) HIVrelated stigma will be positively associated with depression; (3) Depression will be inversely associated with HRQoL; (4) Depression will mediate the relationship between HIV-related stigma and HRQoL; and (5) Social support will moderate the mediation effect of depression on the relationship between HIV-related stigma and HRQoL.
Methods
Baseline data from Project Harapan (collected January 2010-December 2014) was used to perform secondary data analysis in order to examine the relationships between HIV-related stigma, depression, social support, and HRQoL in the study population. Project Harapan was a 2 9 2 multi-factorial randomized controlled trial designed to evaluate and compare the relative effectiveness of a prerelease methadone maintenance program and an evidencebased behavioral intervention (Holistic Health Recovery Program, HHRP?) in terms of reducing HIV-related risk behaviors and illicit drug use for HIV-infected, opioid dependent prisoners in Malaysia [46] .
The protocol for the parent study was approved by institutional review boards at the University of Malaya Medical Centre and Yale University. The protocol was also reviewed and approved by the Office of Human Research Protection at the US Department of Health and Human Services (DHHS) as it involved federally-funded research with prisoners. The study is registered at www.
clinicaltrials.gov (NCT02396979).

Participants
This analysis includes 301 incarcerated HIV-positive men with opioid dependence who were recruited at Kajang prison located in Greater Kuala Lumpur. Study eligibility criteria included (i) age C 18 years; (ii) HIV-infected; (iii) pre-incarceration opioid dependence using DSM-IV criteria; (iv) Malaysian citizen; and (v) due to be released in the Greater Kuala Lumpur area within 3-6 months.
Settings and Procedures
Malaysia's incarceration rate is 171 per 100,000 people, with approximately 39,000 sentenced prisoners located in 35 prisons nationwide [47] . All sentenced prisoners undergo mandatory HIV testing upon entry and all PLH are segregated into a dedicated HIV unit. HIV prevalence in the prison system is approximately 2%, 5-fold higher than in the general population, and prevalence in the Kajang prison is even higher at 5% [48] [49] [50] . At the time of this study, Kajang Prison, the country's largest prison, had an average daily census of 4435 prisoners, of which 412 (9.3%) were HIV-seropositive. Additionally, prior research has shown high rates of lifetime psychiatric disorders among both HIV-seropositive (44.0%) and HIV-seronegative (38.5%) prisoners [26] .
The prison has an inpatient and outpatient medical unit. HIV care was initially provided by Ministry of Health clinicians in the prison clinic and later also by study clinicians [51] . All PLH, regardless of study participation, received CD4 and viral load testing and a comprehensive clinical assessment and medical record review. Despite high prevalence of mental illness, no psychiatric services were available onsite. Severely ill patients are transferred to a local hospital for treatment. Upon release, study participants were provided written referrals to their choice of one of Kuala Lumpur's few public or private HIV specialty clinics. All first-line ART medications are fully subsidized by the Ministry of Health.
The prison officials assigned to the HIV unit referred HIVpositive men who were listed as 90-180 days pre-release to study personnel. All interested individuals were screened in a private room for eligibility. Patients who met inclusion criteria, and who were willing to participate as subjects, were provided a description of the study and invited to provide informed consent, followed by a baseline assessment. All interviews were completed face-to-face in a private room without prison personnel by research assistants using standardized instruments that were translated to Bahasa Malaysia, back-translated and adapted to the Malaysian context [52] . Prisoners were not compensated for their time within prison, but were for all post-release interviews.
Measures Demographic Variables
Data collected included characteristics of the participants, such as age, sex, ethnicity, religion, marital status, educational status, employment status, sex-and drug-related practices, type of offence for current incarceration, length of current incarceration, visit to psychiatrist prior to incarceration, duration since HIV diagnosis, and currently on ART, and CD4? count.
HIV-Related Stigma
Participants' perceived HIV-related stigma was assessed using the Berger HIV Stigma Scale [53] , which is a 40-item instrument developed to measure the stigma perceived by PLH in the United States, and has been widely used in other cultural contexts [54, 55] . Responses were measured on a 4-point Likert-type scale and were scored from 1-4 giving total stigma score of 40-160, with higher scores indicating greater stigma. Internal consistency has been reported at 0.96, and 2-3 week test-retest correlation ranges from 0.89 to 0.92 [53] . The reliability of the scale in our sample was 0.90 as measured by Cronbach's a.
Depression
Patients' depressive symptoms over the previous week were assessed using the Center for Epidemiological Studies Depression Scale (CES-D) [56] . The CES-D is a 20-item self-report screening measure for depressive symptoms that has demonstrated excellent reliability and validity, and has been widely used in studies of HIV-positive individuals [57] [58] [59] [60] . The 20 items are rated on a 4-point Likert scale with 0 = rarely or none of the time (less than 1 day); 1 = some or little of the time (1-2 days); 2 = occasionally or a moderate amount of the time (3-4 days); 3 = most or all of the time (5-7 days). Total sum scores range from 0 to 60, with higher scores indicating increased levels of depression. The overall internal consistency (Cronbach's alpha) for the entire 20-item scale was 0.74.
Social Support
The Medical Outcomes Study Social Support Survey (MOS-SSS) [61] was used to measure the perceived availability of different types of social support. The 19 items in the scale were rated on a 5-point response format ranging from none of the time (1) to all of the time (5) as to the perceived availability of different types of support that an individual can turn to, if needed. A total social support score was obtained by summing responses to all items and transformed to a 0-100 scale. Higher scores reflected higher levels of perceived availability of social support. The scale's reliability for the study sample was 0.96.
Health-Related Quality of life (HRQoL)
HRQoL was assessed using the RAND 36-Item Health Survey (SF-36) [62] . It is comprised of 36 items that assess eight health concepts: physical functioning, role limitations caused by physical health problems, role limitations caused by emotional problems, social functioning, emotional wellbeing, energy/fatigue, pain, and general health perceptions. Participants were asked to describe how they felt and how able they were to carry out their usual activities over the past month. Scores for individual items were recoded and mean total score was calculated to create a HRQoL index. HRQoL index ranged from 0 to 100, with a higher score indicating a higher HRQoL. Cronbach's alpha value for the SF-36 survey was found to be 0.93.
Data Analysis
All data analyses were performed using SPSS v. 22 [63] . We present descriptive statistics, including frequencies for categorical variables and means, standard deviations, and ranges for continuous variables. We tested our hypotheses in two interlinked steps. First, we examined a simple mediation model (Hypotheses 1-4) . Collectively, Hypotheses 1, 2, 3, and 4 indicate an indirect effects model, whereby the relationship between HIV-related stigma and HRQoL is mediated by depression. This test of the mediation hypothesis was guided by the approach proposed by Baron and Kenny [64] , the Sobel test [65] , and the bootstrap method [66, 67] . Second, we integrated the proposed moderator variable into the mediation model and empirically tested the overall moderated mediation model (Hypothesis 5). Both analyses controlled for covariates (age, educational status, employment status, length of current incarceration, length of HIV diagnosis, currently taking ART, and current CD4? count). Two variables, namely ''currently taking ART'' and ''current CD4? count'', were included in the moderated mediation model because both of them have been shown to have significant influence on HRQoL [68] [69] [70] [71] . They were, however, excluded from the final model because of their non-significant association with HRQoL among our sample. Hypotheses were tested using the SPSS PROCESS macro developed by Hayes [72] . The PROCESS macro uses an ordinary least squares (OLS) regression-based path analytic framework to test the proposed conditional direct and indirect effects. This macro facilitates implementation of the recommended bootstrapping methods and provides a method for probing the significance of conditional indirect effects at different values of the moderator variable. Tables 1 and 2 represent characteristics of study participants and summary statistics for variables of interest, respectively. Using a conventional definition of depression (CES-D C 16) [56] , 36.9% were classified as having moderate to severe depressive symptoms. Table 3 presents the results of the OLS regression analyses for simple mediation. As hypothesized, HIV-related stigma was positively associated with depression (B = 0.1463, p \ 0.001), however, the direct association between HIVrelated stigma and HRQoL was not significant (B = -0.0974, p = 0.1646). Similarly, depression was negatively associated with HRQoL (B = -0.8392, p \ 0.001). And finally, the strength of negative association between HIV-related stigma and HRQoL decreased after controlling for depression (B = -0.0254). This supports our fourth hypothesis of an indirect or mediation effect (i.e., inconsistent mediation or suppressor effect) of HIV-related stigma on HRQoL via depression (Effect = -0.1228). The formal two-tailed significance test (assuming a normal distribution) demonstrated that the indirect effect was significant (Sobel z = -3.8762 p \ 0.001). Bootstrap results confirmed the Sobel test (Table 3) , with a bootstrapped 95% confidence interval around the indirect effect not containing zero (-0.2034, -0.0648).
Results
Sample Characteristics
Tests of Mediation
Tests of Moderated Mediation
Tables 4 and Fig. 2 present the results for the conditional indirect effect (i.e., moderated mediation model). With regard to our fifth hypothesis, we hypothesized that the inverse relationship between HIV-related and HRQoL via depression would be lower for individuals with higher level of social support than for their counterparts with lower level of social support. The results indicated that the interaction effect between depression and social support on HRQoL was significant (B = -0.0317, p = 0.0133). In addition, we examined the conditional indirect effect of HIV-related stigma on HRQoL (through depression) at various levels of social support. Normal-theory tests indicated the conditional indirect effect (based on moderator: increasing level of social support) decreased and were all significant. Bootstrap confidence intervals and index of moderated mediation corroborated these results (Table 4) . Thus, our fifth hypothesis was supported, such that the higher degree of indirect and negative effect of HIV-related stigma on HRQoL through depression was observed among individuals with lower level of social support, whereas this effect was lower (but significant) for those with higher levels of social support.
Discussion
In our sample, approximately two-fifths of the sample met screening criteria for moderate to severe depression, which is similar with finding from a previous study by Zahari et al. among HIV seropositive prisoners in Malaysia [26] . Similar to prior findings, the magnitude of depression in our sample is impressively high and higher than reported among general PLH in most international settings. This high rate of depressive symptoms among our sample may be due to higher levels of perceived HIV-related stigma [73, 74] , incarceration itself [75] [76] [77] , and/or HIV sero-status [75] . More importantly, it was concerning to find that though nearly half of the prisoners screened positive for depression, very few had ever seen a psychiatrist (6%) and even fewer had been seen by one during their incarceration (3%). These findings suggest the need for increased screening and treatment of mental illnesses in this population in order to improve HIV treatment outcomes and curb the transmission of HIV upon their transition to community.
Furthermore, our results emphasize the significance of psychosocial variables (e.g., HIV-related stigma, depression and HRQoL). The present finding of inconsistent mediation help clarify the complex inter-relationships between these psychosocial variables. That is, greater HIVrelated stigma was associated with worse depressive symptoms. Worse depressive symptoms, in turn, was associated with poorer HRQoL. This finding confirms those of previous studies among PLH [16, 17] where HIV-related stigma may increase depressive symptoms, and subsequently, have a negative impact on HRQoL.
The potential mechanism for this may be that perceived HIV-related stigma and being in prison may lead to low self-esteem and negative self-image and thereby contribute to worsening depressive symptoms [12, 16] . More importantly, early symptoms of depression are largely untreated in Malaysia, particularly among incarcerated PLH, due to unavailability of trained psychiatrists and treatment facilities [78] . Furthermore, depression, like all psychiatric disorders, is highly stigmatized in the region and the use of mental health services is relatively low, as suggested by a low proportion of our sample who visited psychiatrists prior to incarceration. As a result, HRQoL of an individual can deteriorate [16, 27, 28] . Our preliminary exploration suggests important implications for prison-based care and pre-release planning of HIV-infected inmates. Management of depression, reduction of HIV-related stigma, and enhancing coping skills prior to release may be essential to improve the HRQoL among incarcerated individuals transitioning to the community.
As an extension of previous research, we also found the influence of the moderating effect of social support on the translation of HIV-related stigma into HRQoL via depressive symptoms. That is, the presence of depressive symptoms reinforces the negative influence of HIV-related stigma on HRQoL, particularly among individuals with lower social support. This is consistent with findings that social support helps to buffer the negative impact of depression on HRQoL [17, 31] . By taking moderated mediation into account, we acknowledge that this conditional process works differently in subgroups of individuals: those with a higher degree of social support are more 
Implications and Future Studies
Findings here have important implications for prison-based care and pre-release planning of incarcerated PLH. Consistent with prior results, the results from the current study highlight that prisoners often experience multiple psychosocial issues, such as low social support, HIV-related stigma, and depression [30, 42] , which may serve as a barrier to maintaining HRQoL after release. To address these issues and improve the HRQoL, programs for incarcerated PLH should embrace a restorative approach whereby family members or trusted others who are willing to provide social support should be incorporated into pre-release planning. Such strategies, however, will also require assistance with HIV disclosure and family strengthening since many prisoners with HIV have not shared such information with trusted others. Other restorative strategies should incorporate post-release economic opportunities (e.g., income support, work, training, housing, employment) and social networking and community building-from the moment of incarceration to well beyond the initial period of release back into the community. Overall, the findings of this study highlight the importance of precisely targeting perceived HIV-related stigma, depression, and social support, while developing interventions for PLH with a history of incarceration and opioid dependence. Indeed, since nearly all (94%) PLH met pre-incarceration criteria for opioid dependence and be at high risk for relapse, a restorative approach would include enrollment in methadone treatment, which has documented stabilization benefits for patients and assist with transition back to the community [79, 80] . Such strategies in Malaysia, however, will need to overcome negative attitudes about prison-based methadone treatment where only 45% would accept it [81] . Additionally, the present analyses suggest some interesting directions for future research. For example, future research that expands the proposed model to include other relevant variables (e.g., neurocognitive impairment, alcohol use disorder) would make for an interesting contribution. Furthermore, future studies need to investigate the HRQoL among this high-risk population as they transition through prison and back to the community. Adding to that, future studies should use prospective data and longitudinal analyses to test this moderated mediation model that would allow researchers to examine causality and bi-directional causation in this relationships.
Limitations
While this study advances the current state of knowledge on how psychosocial factors (i.e., HIV-related stigma, depression, and social support) interact with each other and affect HRQoL, it must be considered in light of a few study limitations. First, the study's use of self-report may have reduced the ability to accurately detect some measures (i.e., psychosocial factors) due to participants' reluctance to selfreport socially undesirable behaviors [82] . Second, social support among participants was measured while they were still in prison. This may have underestimated the level of social support among the participants due to the change in their social network. Third, this study made use of baseline data to examine the moderated mediation model. Thus, we are unable to infer cause-and-effect and directionality of relationships. Fourth, certain characteristics of the sample limit the generalizability of the findings. The results are specific to incarcerated men infected with HIV, and may not be generalizable to the entire population. Fifth, some of the items in the SF-36 scale (e.g., have you felt so down in the dumps that nothing could cheer you up?; have you felt downhearted and blue?) may be indicative of depressive symptoms as reported on the CES-D scale. This may have some influence in the overall moderated mediation model tested in this study. Despite these limitations, our findings have several clinical and research implications and add to our understanding of the processes by which psychosocial variables impact on different dimensions of HRQoL.
Conclusion
The current study adds to the growing body of literature that HIV-related stigma and depression are the key psychosocial factors associated with HRQoL among incarcerated, HIV-positive men with opioid dependence in Malaysia. Furthermore, the results found preliminary evidence of interactions between depression and social support, such that depressive symptoms had lesser negative effect on HRQoL for individuals with greater degree of social support. The results of our study, therefore, make an important contribution to our understanding of the applicability of moderated mediation framework of the psychosocial factors for improving HRQoL among PLH with a history of incarceration and opioid dependence. Particularly when taken in the context of limited mental health services and social support available for this high-risk population, future interventions seeking to improve HRQoL among PLH in Malaysia and elsewhere should include alleviating depressive symptoms and increasing social support as primary goals.
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